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SPREAD SPECTRUM COMMUNICATION SYSTEM AND METHOD THEREFOR 

BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates generally to a spread 

spectrum communication system and a method therefor. More 
particularly, the invention relates to a spread spectrum 
communication system and a method therefor of direct spread 
system. 

10 Description of the Related Art 

Conventionally, in a direct spread system, it has been 
taken a method for increasing and decreasing a transmission 
power depending upon increasing and decreasing of a reception 
bit error ratio for stabilizing communication quality . Namely , 
15 when the reception bit error ratio is increased, the transmission 
power is increased and when the reception bit error ratio is 
decreased, the transmission power is decreased. 

In the conventional spread spectrum communication system, 
a band width of a channel is determined per system. When a 
20 data transmission rate is varied, the channel to be used is 
varied to other channel having a band width of double, four 
times and eight times wider band width. However, it should 
be questionable whether a channel bandwidth of the conventional 
system is reasonable in view of communication quality and circuit 
25 capacity in practical use and currently in process of trial 



and error . Namely , even the band width unnecessary in a certain 
communication environment for a certain circuit at one timing , 
a broader band width may be required at other timing . Therefore , 
it is an effort for deriving an optimum value of the band width. 
5 On the other hand, due to abrupt depletion of a frequency resource 
in the recent years, a communication system of greater capacity 
has been desired. Furthermore, it has been demanded longer 
waiting period by further power saving, expansion of 
communication period, reduction of battery capacity and 

10 reduction of weight of the terminal. 

Therefore, technologies for varying frequency band width 
depending upon conditions have been disclosed in Japanese 
Unexamined Patent Publication No. Heisei 6-14006 (hereinafter 
referred to as publication 1), Japanese Unexamined Patent 

15 Publication No. Heisei 6-46033 (hereinafter referred to as 
publication 2), Japanese Unexamined Patent Publication No. 
Heisei 6-216875 (hereinafter referred to as publication 3) and 
Japanese Unexamined Patent Publication No. Heisei 6-252881 
(hereinafter referred to as publication 4). 

20 The technology disclosed in the publication 1 is to widen 

the frequency bandwidth when transmission quality is lowered. 
The technology disclosed in the publication 2 lowers error 
correction capacity when the bit error ratio is small to narrow 
frequency band width by lowering information transmission speed 

25 The technology disclosed in the publication 3 narrows the 



frequency band width by lowering process gain when the bit error 
ratio is small. The technology disclosed in the publication 
4 is to make judgment of transmission path condition from the 
result of bit error ratio to narrow the bands using QPSK 
modulation when the transmission path condition is good, and 
to widen the band with BPSK modulation when the transmission 
path condition is no good. 

The technologies of the publications 1 and 4 are common 
in widening the frequency band width when the transmission 
quality is lowered. On the other hand, in the technologies 
disclosed in the publications 2 and 3, there is no disclosure 
when the transmission quality is lowered. 

However, the method for increasing and decreasing 
transmission power depending upon increasing and decreasing 
reception bit error ratio, will not provide any essential 
solution for selective fading, in which a certain band in the 
carrier wave band drops out. On the other hand, since increasing 
of transmission power is taken as measure for lowering of 
reception bit error ratio by the selective fading, it has been 
feared influence for multiplexed other channels . 

On the other hand, in the technology to widen the frequency 
bandwidth when the transmission quality is lowered as disclosed 
in the publications 1 and 4, a defect is encountered in that 
widening of the frequency band width inherently cause lowering 
of the circuit use ratio per unit frequency. 



SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to 
provide a spread spectrum communication system and a method 
therefore which can provide resistance against selective fading 
5 and can prevent lowering of circuit use ratio with lowering 
reception bit error ratio. 

According to the first aspect of the present invention, 
a spread spectrum communication system comprises control means 
for controlling a transmission band width and a transmission 
10 power of a counterpart equipment depending upon a communication 
quality. 

According to the second aspect of the present invention, 
a spread spectrum communication method comprises control step 
of controlling a transmission band width and a transmission 
15 power of a counterpart equipment depending upon a communication 
quality. 

According to the present invention, when the 
communication quality is degraded, the transmission band width 
is widen when the remaining circuit has a margin. If margin 

2 0 is not available, the transmission power is increased. 
Therefore, resistance against selective fading can be provided 
and reception bit error ratio can be lowered to prevent lowering 
of circuit use ratio. 
BRIEF DESCRIPTION OF THE DRAWINGS 

25 The present invention will be understood more fully from 



the detailed description given hereinafter and from the 
accompanying drawings of the preferred embodiment of the present 
invention, which, however, should not be taken to be limitative 
to the invention, but are for explanation and understanding 
only. 

In the drawings: 

Fig. 1 is an illustration showing a construction of the 
preferred embodiment of a spread spectrum communication system 
according to the present invention; 

Fig. 2 is an illustration showing a construction of one 
example of a control portion 13; 

Fig. 3 is a flowchart showing one example of an operation 
of deriving a transmission command for a counterpart station; 

Fig. 4 is an explanatory illustration of the threshold 

value; 

Fig. 5 is a conceptual illustration of a frequency band 
used in the present invention; 

Fig. 6 is an illustration showing a relationship between 
an error correction code and a data rate; 

Fig. 7 is an illustration showing a relationship between 
fading and signal; 

Fig. 8 is an illustration showing a relationship between 
fading and signal; and 

Fig. 9 is an illustration showing a relationship between 
fading and signal. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention will be discussed hereinafter in 
detail in terms of the preferred embodiment of the present 
invention with reference to the accompanying drawings . In the 
5 following description, numerous specific details are set forth 
in order to provide a thorough understanding of the present 
invention. It will be obvious, however, to those skilled in 
the art that the present invention may be practiced without 
these specific details. In other instance, well-known 
10 structure are not shown in detail in order to avoid unnecessary 
obscurity of the present invention. 

At first, feature of the present invention will be 
discussed. The present invention features in providing stable 
communication quality by a direct spread type spread spectrum 
15 communication system. The present invention provides more 
stable communication quality by optimally controlling not only 
a transmission power depending upon increasing and decreasing 
of a reception bit error ratio and but also increasing and 
decreasing of a transmission band width. Namely, when 
20 communication quality is degraded, selective fading is avoided 
by widening the frequency and width if there is a margin in 
remaining circuits, and to rise a transmission power if there 
is no margin in remaining circuits . 

By this, the transmission power can be suppressed to be 
25 low to lower power consumption, can restrict influence for code 



multiplexed other channels and so forth. On the other hand, 
by restricting influence for the multiplexed other channels, 
increasing of the circuit capacity is expected. 

Next, discussion will be given for the frequency band 
5 top be used in the present invention. Fig. 5 is a conceptual 
illustration of a frequency band to be used in the present 
invention. As shown in Fig. 5, in the present invention, an 
allowable range of frequency is divided into channels having 
several kinds of band widths . As one example of the shown 

10 embodiment, a frequency band 1 which a certain system can use, 
is divided into a narrow band channel 2, an intermediate band 
channel 3 and a wide band channel 4, and respectively provided 
3,2, 1 channels to have six channels in total. On the other 
hand, both up (transmission) and down (reception) are divided 

15 from narrow band channel to wide band channel. Each spread 
spectrum communication system selects the channel to be used 
by own system among several kinds of band width channels . On 
the other hand, the spread spectrum communication system which 
has a spread spectrum communication equipment having a chip 

20 rate varying mechanism as shown in Fig. 1 enables selection 
of optimal several kinds of band widths by a control portion 
13 having a construction shown in Fig . 2 and performing operation 
according to the flow chart shown in Fig. 3, a clock oscillators 
10 and 15, local (LO) oscillators 11 and 14 and an error ratio 

25 measuring device 8 to minimize the transmission power. 
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Hereinafter, the embodiment of the present invention will 
be discussed with reference to the accompanying drawings . Fig . 
1 is an illustration showing a construction of the preferred 
embodiment of the spread spectrum communication system 
5 according to the present invention. Referring to Fig. 1, the 
spread spectrum communication system is constructed with a 
receiving portion 31, a transmitting portion 32 and the control 
portion 13. 

Then, the receiving portion 31 is constructed with an 
10 RF amplification portion 5, a frequency converting portion 6, 
a spread demodulating portion 7 , the error ratio measuring device 
8, a PN (pseudo noise) generator 9, the clock generator 10, 
reception LO (local) oscillator 11 and a base band processing 
portion 12 . 

15 On the other hand, the transmitting portion 32 is 

constructed with a power amplifying portion 17, a frequency 
converting portion 18, a spread modulating portion 19, a control 
information adding portion 20, a PN (pseudo noise) generator 
16, the clock generator 15, the transmission LO (local) 

20 oscillator 14 and a base band processing portion 21. 

The control portion 13 controls which band is to be selected 
among the frequency bands shown in Fig. 4. The control portion 
13 controls frequency of the clock generator 10. The PN 
generator 9 generates a PN code at a chip rate determined by 

25 the clock generator 10. By the chip rate, the frequency band 



to be selected, namely one of the narrow band channel 2, the 
intermediate band channel 3 and the wide band channel 4 is 
selected. 

Similarly, the control portion 13 controls the frequency 
of the clock oscillator 15. The PN generator 16 generates the 
PN code at the chip rate determined by the clock oscillator 
15 . By the chip rate, the frequency band to be selected, namely 
one of the narrow band channel 2, the intermediate band channel 
3 and the wide band channel 4 is selected. 

Furthermore, the control portion 13 controls the 
frequency of the reception LO oscillator 11. By this, the 
frequency of the channel to be selected is set. Namely, if 
the channel to be selected is the narrow band channel 2, one 
channel out of three channels is selected. When the channel 
to be selected is the intermediate band channel 3, one channel 
out of two channels is selected. When the channel to be selected 
is the wide band channel 4, the sole wide band channel is selected. 

Similarly, the control portion 13 controls the frequency 
of the transmission LO oscillator 14. By this, the frequency 
of the channel to be selected is set. Namely, if the channel 
to be selected is the narrow band channel 2, one channel out 
of three channels is selected. When the channel to be selected 
is the intermediate band channel 3, one channel out of two 
channels is selected. When the channel to be selected is the 
wide band channel 4, the sole wide band channel is selected. 
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On the other hand, the control portion 13 has a use 
information of the frequency resource and performs action for 
assigning marginal band. Accordingly, for the spread spectrum 
communication system, it is not necessary to have the same band 
5 width in transmitting wave and receiving wave and both can be 
set dynamically, and also can set either one fixedly. 

Furthermore, the control portion 13 has a function for 
controlling reception gain by controlling the RF amplifying 
portion 5 and controlling the transmission power by controlling 
10 the power amplifying portion 17. 

It should be noted that discussion will be given later 
for the information based on which these controls are performed . 

Discussion will be given for operation of the spread 
spectrum communication system. The received RF signal dl is 
15 amplified by the RF amplifying portion 5 to be a signal d2 and 
then input to the frequency converting portion 6. The signal 
d2 to be input to the frequency converting portion 6 is converted 
into a signal d9 by mixing with a received LO signal d3 generated 
from the received LO oscillator 11. Then, the signal d9 is 
20 demodulated with the PN code d4 generated from the PN generator 
9 by the spread demodulating portion 7 to be a demodulated signal 
(base band signal) d5. The base band signal d5 is input to 
the error ratio measuring device 8 to measure the error ratio . 
The obtained error ratio information d6 and a transmission 
25 command information d8 extracted from the demodulated digital 



signal d7 are reported to the control portion 13. On the other 
hand, the digital signal d7 is input to the base band processing 
portion 12 to subject to base band process. 

On the other hand, the transmission information dll base 
band processed by the base band processing portion 21 is input 
to control information adding portion 20. In the control 
information adding portion 20, the transmission command 
information dl2 to the counterpart station from the control 
portion 13 is added to the transmission information dll. The 
output signal dl3 from the control information adding portion 
20 is input to the spread modulating portion 19 to subject to 
spread modulation with the PN code dl4 generated from the PN 
generator 16 to be a modulated signal dl5 . The modulated signal 
dl5 is mixed with the transmission LO signal dl6 of the 
transmission LO oscillator 14 by the frequency converting 
portion 18 and thus converted into a signal dl7. The signal 
dl7 is amplified into a predetermined power by the power 
amplifying portion 17 and thereafter transmitted. 

Next, the construction of the control portion 13 will 
be discussed. Fig. 2 is an illustration showing a construction 
of one example of the control portion 13. Referring to Fig. 
2, the control portion 13 is constructed with a reception gain 
distribution control portion 4 1 , a reception control arithmetic 
portion 42, a transmitter gain distribution control portion 
43 and a transmission control arithmetic portion 44. 
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Next, discussion will be given for operation of the control 
portion 13 . Referring to Fig. 2 , the control portion 13 derives 
the transmission command information dl2, the reception local 
control signal d22 and a receiver gain d 23 to the counterpart 
5 station by the reception control arithmetic portion 42 on the 
basis of the signal error ratio information d6 measured by the 
error ratio measuring device 8 and the communication information 
d21 including the current reception chip rate and the frequency 
use condition . The reception gain distribution control portion 

10 41 receiving the receiver gain d23 transmits the reception RF 
amplifier control signal d24 and the reception clock control 
signal d25. The transmission control arithmetic portion 44 
receives the communication information d41 including the 
transmission chip rate and the transmission command information 

15 d8 from the counterpart station and derives the transmission 
local control signal d2 6 and the transmitter gain d2 7. The 
transmitter gain distribution control portion 43 receiving the 
transmitter gain d27 outputs the transmission power amplifier 
control signal d2 8 and the transmission clock control signal 

20 d29. 

Next, particular operation will be discussed. In the 
following discussion, the own station is referred to as 
communication station A and the counterpart station is referred 
to as communication station B. 
25 CD The control portion 13 of the communication station A 
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determines increasing and decreasing of band width, frequency 
and power of the communication station B to transmit data to 
be transmitted to the communication station B with adding 
transmission command information dl2 . 
5 (2) At the same time, the control portion 13 of the 
communication station A switches the reception band width and 
the frequency of the communication station A at an appropriate 
timing so as to receive the transmission weave of the 
communication station B according to the transmission command 

10 information dl2. 

(3) When the communication station B receives data 
transmitted from the communication station A, the control 
portion 13 controls the band width and power to be transmitted 
according to data d8 extracted from the received data. 

15 (D Furthermore, the control portion 13 of the communication 
station B determined increasing and decreasing of the bandwidth , 
frequency and the power of the communication station A according 
to the error ratio information d6 from the error ratio measuring 
device 8 to transmit the data to be transmitted with adding 

20 transmission command information dl2 to the communication 
station A. 

(5) At the same time, the control portion 13 of the 
communication station B switches the reception band width and 
the frequency of the communication station B at an appropriate 
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timing so as to receive the transmission weave of the 
communication station A according to the transmission command 
information dl2 . 

(6) When the communication station A receives data 
5 transmitted from the communication station B, the control 
portion 13 controls the band width and power to be transmitted 
according to data d8 extracted from the received data. 

Hereinafter, the operation from ® to © is repeated. 
Thus, the communication stations A and B forms a loop to 

10 autonomously control transmission and reception. 

next, discussion will be given for operation for deriving 
the transmission command in the control portion 13 with reference 
to Figs. 3 and 4. Fig. 3 is a flowchart showing one example 
of operation for deriving the transmission command for the 

15 counterpart station, and Fig. 4 is an explanatory illustration 
of a threshold value. 

As shown in Fig. 4, for the reception error ratio d6, 
threshold values THl and TH2 (it is assumed that THl < TH2 ) 
are set preliminarily. Referring to Fig. 3, when the control 

20 portion 13 receives the reception error ratio d6 (SI), check 
is performed whether the reception error ratio d6 is less than 
the threshold value THl (S2) . Then, when judgment is made that 
the reception error ratio d6 is less than the threshold value 
THl (YES at step S2), check is performed whether the transmission 

25 power of the counterpart station is minimum or not (S3) . When 



judgment is made that the transmission power is minimum (YES 
at step S3) , check is performed whether vacant band is present 
in narrower band than the currently used frequency band or not 
(S4). Then, if judgment is made that vacant band is present 
5 in the narrower band (YES at step S4), varying to the narrower 
band and varying the frequency are commanded to the counterpart 
station ( S5 ) . 

On the other hand, when judgment is made that the 
transmission power of the counterpart station is not minimum 

10 (NO at step S3 ) , lowering of the transmission power is commanded 
to the counterpart station (S6). On the other hand, when 
judgment is made that vacant band is not present in the narrower 
band (NO at step S4), maintaining of the current transmission 
power and the frequency band is commanded to the counterpart 

15 station (S7). 

Furthermore, when the reception error ratio d6 as checked 
at step S2 is not less than the threshold value TH1 (greater 
than or equal to the threshold value THl ) ( NO at step S2 ) , further 
check is performed whether the reception error ratio d6 is greater 

2 0 than or equal to the thre shold value TH2 or not ( S 8 ) . I f j udgment 
is made that the reception error ratio d6 is greater than or 
equal to the threshold value TH2 (YES at step S8), check is 
performed whether vacant band is present in wider band than 
the currently used frequency band (S9). If judgment is made 

25 that vacant band is present in the wider band (YES at step S9) , 
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varying of the band from narrower band to wider band and varying 
of frequency is commanded to the counterpart station (S10). 

On the other hand, when the reception error ratio d6 as 
checked at step S8 is not greater than or equal to the threshold 
5 value TH2 (less than the threshold value TH2 ) (NO at step S8) , 
maintaining of the current transmission power and the frequency 
band is commanded to the counterpart station (Sll). On the 
other hand, if no vacant band in the wider band is judged at 
step S9 (NO at step S9), rising of the transmission power is 

10 commanded to the counterpart station (S12). 

It should be noted that while the shown embodiment 
statically sets the band width of the channel (see Fig. 5), 
it is also possible to dynamically set arrangement of respective 
channels on a frequency axis and respective band widths. Also, 

15 while channel selection is performed autonomous discrete manner 
per each station, it is also possible to perform concentrically 
perform channel assignment for respective circuits on the side 
of the base station on the basis of information from respective 
terminals, for example. 

20 Hereinafter, discussion will be given for the embodiment 

of the present invention. At first, the first embodiment will 
be discussed. In the foregoing embodiment, variation of the 
band width is effective by varying the chip rate, it is also 
possible to vary the band width by varying a data rate. The 

25 following first embodiment is directed to varying of the data 



rate. 

At first, as a premise, the following conditions are 
satisfied. 

(1) data rate x spreading ratio = chip rate is established: 

(2) a spread gain is proportional to a spread ratio; and 

( 3 ) transmission quality is improved under the condition that 
SN ratio is large, spread gain is large and restriction by fading 
is small and so forth. 

Namely, the shown system is a system which varies the 
frequency band by varying the data ratio without varying the 
spread ratio upon varying the chip rate . The algorithm thereof 
is similar to the system varying the spread ratio by varying 
the chip rate. Therefore, the base band processing portions 
12 and 21 are provided a function for selecting to vary the 
data rate or to vary the spread ratio (see control signals d31 
and d32 from the control portion 13 to the base band processing 
portions 12 and 21 of Fig. 1) . Namely, the base band processing 
portion 12 and 21 performs selection to vary the data rate or 
to vary the spread ratio on the basis of the control signals 
d31 and d32. 

Next, discussion will be given for the second embodiment. 
While the band width is varied by varying the data rate in the 
first embodiment, it is also possible to vary the band width 
by varying the bit number of the error correction code. The 
second embodiment is directed to varying of the bit number of 



the error correction code. 

Fig. 6 is an illustration showing a relationship between 
the error correction code and the data rate. As shown in Fig. 
6 , by increasing and decreasing bit number of the error correction 
code (ratio of error correction code) without varying the data 
amount per unit period, the data rate can be increased and 
decreased and whereby can vary the band width. By this, it 
can be expected to achieve not only optimization of the frequency 
band width for fading environment but also lowering of the bit 
error rate by increasing of the error correction code. 

Finally, as one of the object of the present invention, 
"providing resistance against selective fading" is sought for. 
The meaning will be discussed hereinafter. Figs. 7 to 9 are 
illustration showing relationship between fading and signal . 
In Figs. 7 to 9 , horizontal axes represent frequency (Hz) and 
vertical axes represent gain (dB). 

Fig. 7 diagrammatically expresses instantaneous 
suppressing condition of fading in a certain pass connecting 
a mobile station (communication station A) and a base station 
(communication station B) as a filter characteristics. Under 
this fading environment, passing characteristics of a narrow 
band signal C is shown in Fig. 8, and passing characteristics 
of a wide band signal D is shown in Fig. 9. An energy of the 
spread signal C shown in Fig. 8 is equal to that of the spread 
signal D shown in Fig. 9. Comparing the spread signals of Figs. 
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8 and 9, it should be appreciated that greater magnitude of 
energy is remained in the spread signal D of Fig. 9 than the 
spread signal C of Fig. 8 (hatched areas of Figs. 8 and 9). 
In case of the spread spectrum communication system, spread 
5 signal is demodulated with dispreading. Therefore, if even 
a part of energy spread over the band in substantially uniform 
fashion is remained, possibility of success of demodulation 
is left. This is the reason why the spread spectrum 
communication system is strong against selective fading. 
10 Namely, merit of widening of the band in the spread spectrum 
communication system according to the present invention 
utilizes the fact that even in flat fading condition, it can 
be selective fading when the band is widened. 

According to the present invention, since control means 
15 for controlling the transmission band width and transmission 
power of the counterpart equipment depending upon communication 
quality, resistance against selective fading can be provided, 
and in conjunction therewith, the reception bit error ratio 
can be lowered to successfully prevent lowering of circuit use 
20 ratio. 

More particularly, for increasing of reception bit error 
ratio, the present invention transits to wider band channel 
to provide resistance against selective fading and to obtain 
spread gain to reduce reception bit error ratio . On the other 
25 hand, by the control logic flowchart shown in Fig. 3, in view 



of fading and transmission loss in the communication path between 
the base station and the terminal , for the terminal in relatively- 
easy environment, the channel of narrow band is selected, and 
for a terminal in relatively severe environment, the channel 
of wide band is selected to permit transmission and reception 
at possible minimum power in each communication path. By 
minimizing transmission power, influence to code multiplexed 
other channels can be suppressed to increase circuit capacity. 
Furthermore, by reduction of the transmission power, power 
saving in the terminal can be achieved. Also, since the chip 
rate can be optimized depending upon the communication 
environment, such as fading, transmission loss and so forth 
in the communication path, load on an IC performing spreading 
process can be reduced to contribute for power saving in the 
terminal . 

By this, the spread spectrum communication system 
according to the present invention may provide more stable 
communication quality than the conventional spread spectrum 
communication system. On the other hand, transmission power 
can be lowered to achieve power saving and increase of circuit 
capacity. 

Furthermore, according to the present invention, since 
control step for controlling the transmission band width and 
transmission power of the counterpart equipment depending upon 
communication quality is included, the effect set forth above 
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can be achieved. 

Although the present invention has been illustrated and 
described with respect to exemplary embodiment thereof, it 
should be understood by those skilled in the art that the 
5 foregoing and various other changes, omission and additions 
may be made therein and thereto, without departing from the 
spirit and scope of the present invention. Therefore, the 
present invention should not be understood as limited to the 
specific embodiment set out above but to include all possible 
10 embodiments which can be embodied within a scope encompassed 
and equivalent thereof with respect to the feature set out in 
the appended claims. 



